Objective: To elucidate the epilepsy-associated causes of death and subsequent excess longterm mortality among 12-month survivors of subarachnoid hemorrhage from saccular intracranial aneurysm (SIA-SAH).
death, have been fused to the database. [2] [3] [4] [5] 9, 10 The antidepressant use among 940 survivors was significantly higher (odds ratio 2.6) than in their 2,676 matched controls. 4 The cumulative incidence of epilepsy was 12% at 5 years in 876 survivors, with intracerebral hemorrhage, poor condition on admission, and acute seizures as independent risk factors. 3 Excess mortality after the diagnosis of symptomatic epilepsy is well-recognized, [11] [12] [13] and it is referred, e.g., to epilepsy itself, treatment-related deaths, accidents, suicides, sudden unexpected death in epilepsy, and status epilepticus. 14, 15 No comprehensive and population-based studies are available on the long-term morbidity and mortality of the patients who survived SIA-SAH but developed epilepsy. In the present study, an extension to our previous study, 3 we compared the circumstances of deaths, including underlying and immediate causes of deaths, in the patients who died with epilepsy (34/121) or without epilepsy (163/658) in a median follow-up of 12 years after SIA-SAH.
METHODS Catchment population of KUH. Since 1977, Neurosurgery of KUH has solely provided full-time acute and elective neurosurgical services for the KUH catchment population in Eastern Finland. [2] [3] [4] [5] During the recruitment period of the present study, 1995 to 2014, the geographic area has remained the same. The population has decreased from 882,671 to 840,587.
Admission of SAH patients to KUH. All cases of SAH diagnosed by CT or spinal tap at the KUH catchment area have been acutely admitted to KUH for angiography and treated if not moribund or very aged. The exact number of rejected SAH patients treated in non-neurosurgical units is not available.
Kuopio neurosurgery intracranial aneurysm patient and family database. The database includes all cases of unruptured and ruptured intracranial aneurysm patients admitted to KUH since 1980 (kuopioneurosurgery.fi). [2] [3] [4] [5] 9, 10 The database has been prospective since 1990. The database is run by a dedicated full-time research coordinator who interviews all new patients. [2] [3] [4] [5] 9, 10 The criteria for SIA family are at least 2 affected first-degree relatives, and SIA disease without family history is considered sporadic. 8 The clinical data from the hospital periods and follow-up visits are coded into an extensive list of variables. [2] [3] [4] [5] 9, 10 The use of prescribed medicines (see below), any hospital diagnoses, and causes of death have been entered from the Finnish nationwide registries. [2] [3] [4] [5] 9, 10 Study population of 779 12-month survivors of SIA-SAH.
The inclusion criteria were as follows:
A citizen of Finland and resident of the KUH catchment area
at the time of first SIA-SAH between January 1, 1995, and December 31, 2007 3 2. Verification of SIAs by angiography 3. Alive at 12 months after acute admission for SIA-SAH The exclusion criteria were rupture of an intracranial aneurysm other than a saccular one (e.g., fusiform, traumatic, mycotic) and previous diagnosis of epilepsy (n 5 14). 3 The figure presents the flow chart from the KUH catchment population to the final study cohort of 779 SIA-SAH patients.
Diagnosis of epilepsy among 779 12-month survivors of SIA-SAH. The National Health Insurance (NHI) scheme is part of the Finnish social security system, and it is run by the Social Insurance Institution (SII) of Finland. All permanent residents of Finland are covered under the NHI scheme. The SII maintains a nationwide registry for all patients who have been granted special reimbursement of medicines, including antiepileptic drugs (AEDs). In order to be reimbursed at the pharmacy for epilepsy, patients must submit a medical certificate to the SII. The medical certificate must be based on examinations and diagnosis of epilepsy made by a neurologist. The entitlement to special reimbursement of AEDs is granted by SII for noninstitutionalized patients. The following AEDs were reimbursed: carbamazepine, clobazam, clonazepam, gabapentin, lamotrigine, levetiracetam, nitrazepam, oxcarbazepine, phenobarbital, phenytoin, pregabalin, rufinamide, sodium valproate, stiripentol, tiagabine, topiramate, vigabatrin, and zonisamide.
Figure
Flowchart of the identification of comorbid epilepsy and mortality after subarachnoid hemorrhage (SAH)
Flowchart of the identification of epilepsy and mortality after SAH from saccular intracranial aneurysm (SIA) among the 779 SIA-SAH patients alive at 12 months after admission to the Kuopio University Hospital (KUH) from its eastern Finnish catchment population. The 121 patients with newly diagnosed epilepsy after SIA-SAH were identified according to the reimbursement of physician-prescribed antiepileptic drugs in the nationwide registry. Statistics on causes of death and on the development of mortality was produced by Statistics Finland.
The data on fully reimbursed AEDs between January 1, 1994, and December 31, 2014, was integrated to the Kuopio SIA Database. The recruitment period of patients between January 1, 1995, and December 31, 2007, allowed data on the use of AEDs for at least 1 year before SIA-SAH and at least 7 years after SIA-SAH (figure). 3 Hospital diagnoses and case reports of identified epilepsy patients, from all neurology units in the KUH catchment area during the follow-up, were reviewed. None of Table 1 Characteristics of 779 patients alive at 12 months after subarachnoid hemorrhage from saccular intracranial aneurysm (SIA-SAH) from a defined Eastern Finnish population between 1995 and 2014
Patients with no epilepsy after SIA-SAH (n 5 658), n (%)
Patients with epilepsy after SIA-SAH (n 5 121), n (%) the patients was lost to follow-up. The AED data contained information since the first purchase date, and the number of purchases, until the last date. In our previous study 3 and in the present study, the criteria for the epilepsy diagnosis after SIA-SAH in the AED users, evaluated by neurologists, followed the current International League Against Epilepsy (ILAE) definition 16 : (1) at least 2 unprovoked seizures occurring .24 hours apart or (2) 1 unprovoked seizure and high probability of further seizures due to, for example, brain infarct, intracerebral hemorrhage, or status epilepticus. Acute seizures within 1 week after the onset of SIA-SAH were not considered as unprovoked seizures. 17 Status epilepticus was defined as seizure duration of 30 minutes according to the ILAE guideline in 1993. 18, 19 Causes of deaths among 779 12-month survivors of SIA-SAH. Statistics Finland produces statistics on all causes of death. The statistics on causes of death cover the persons who have died in Finland or abroad during the calendar year and who at the time of death were domiciled in Finland. This ensures complete identification of causes of death. The statistics are based on data in death certificates and causes of death; the statistics have been compiled according to the ICD-10 since 1996. Death certificate is a written description of the circumstances of the death produced by a physician. In death certificates, conditions contributing to death are reported in 2 parts: underlying cause of death and immediate cause of death, if determined, and the second part for other factors contributing to death. The death certificates data and causes of death on all patients who died before the end of follow-up on December 31, 2014, were integrated to the Kuopio SIA Database.
Circumstances and causes of death of 34 patients with epilepsy after SIA-SAH. For the 34 patients who died with epilepsy diagnosis after SIA-SAH, the certificates of death and all available clinical records were reviewed to reconstruct the circumstances of the deaths, including underlying causes of death and immediate causes of death, to analyze whether epilepsy was a contributing factor to the death.
Literature review. PubMed was searched for clinically relevant
English articles since 1995 with the following search words: aneurysm* and (subarachnoid haemorrhage) and epilepsy and mortality.
Statistical analysis. The clinical variables of the SIA-SAH patients are presented in table 1. Discrete variables were expressed in proportions and continuous variables in medians, quartiles, and ranges. Groups were compared using the x 2 test or the Mann-Whitney U or Kruskal-Wallis tests when appropriate. The independent risk factors for death were analyzed using the Cox proportional hazards regression. Epilepsy after SIA-SAH was treated as a time-dependent covariate in a Cox regression analysis. Other covariates in Cox regression analysis were age at admission, intracerebral haemorrhage from ruptured SIA, acute seizure within 1 week after admission, sex, and Hunt and Hess grade on admission. In the mortality analyses, the patients who died within 12 months from the rupture of SIA (n 5 271) or epilepsy before SIA-SAH (n 5 9) were excluded. p Values , 0.05 were considered significant. IBM SPSS Statistics 22 (SPSS Inc., Chicago, IL) was used.
Standard protocol approvals, registrations, and patient consents. The study was approved by the Ethical Committee of KUH. Data integration from the national registries was performed with approval from the Ministry of Social Affairs and Health of Finland.
RESULTS

Mortality of 779 patients alive 12 months
after SIA-SAH with or without epilepsy. The final study cohort, 779 12-month survivors of SIA-SAH (figure, table 1), had been followed up for a median of 12 years after the time of SIA-SAH, a total follow-up of 9.394 patient-years. Epilepsy after SIA-SAH had been diagnosed in 121 patients, in a median time of 8 months after SIA-SAH ( figure, table 1 ). Of the 121 epilepsy patients, 34 had died from 12 months until December 31, 2014, (figure) at median age of 66 years, a cumulative mortality of 7% at 5 years and 21% at 10 years. Of the 658 nonepilepsy patients, 163 had died at median age of 74 years, a cumulative mortality of 6% at 5 years, 16% at 10 years, and 28% at 15 years. Underlying and immediate causes of death of 34 epilepsy patients vs 163 nonepilepsy patients. Among the underlying causes of death (table 2), the category "external causes, injury, or poisoning" was more frequent in the 121 patients who developed epilepsy after SIA-SAH, but the difference between 5/34 deaths (15%) vs 9/163 deaths (6%) was not statistically significant (p 5 0.07). Epilepsy was the immediate cause of death in 7/ 34 (21%) patients; 4 of the deaths were associated with status epilepticus, 1 AED intoxication, and 2 seizurerelated pneumonias. In retrospect, epilepsy seemed to be associated with 12 (35%) of the 34 deaths.
AED use by epilepsy patients. The 121 epilepsy patients had used AEDs from the date of epilepsy diagnosis until death or December 31, 2014, for a median time of 127 months; among them the 34 deceased for a median of 83 months until death. Among the 34 deceased, the median time from the last AED purchase to the death was 4 months; importantly, 12/34 (35%) had not purchased AEDs within 12 months prior to death.
Independent risk factors for mortality after SIA-SAH.
We studied whether epilepsy after SIA-SAH would be an independent risk factor of death by comparing the mortality in the 2 groups (34/121 vs 163/658; table 2). In Cox proportional hazards regression analysis, we also tested the 3 factors that independently predicted epilepsy in our previous study. 3 The independent risk factor associated with death from any cause in the 779 12-month survivors of SIA-SAH were male sex (hazard ratio [HR] 2.0), advanced age (HR 1.1 per year), and epilepsy (HR 1.8) (table 3) . DISCUSSION We studied the epilepsy-related mortality among the survivors of SIA-SAH, with complete data for the underlying and immediate causes of death in a population-based cohort. In our previous analysis of 1,657 SIA-SAH patients, the mortality after acute SIA-SAH was 27% at 12 months, mainly due to poor clinical condition and signs of brain injury on admission; after 12 months, other causes of death than acute brain injury became more prevalent. 2 In the present study, 121 of the 779 12-month SIA-SAH survivors had developed epilepsy, and they had used AEDs for a median of 127 months. Among these 121 patients, epilepsy was the immediate cause of 7 (21%) of the 34 deaths, 4 of them related to status epilepticus. In our retrospective analysis, epilepsy was associated with a total of 12 (35%) of the 34 deaths. The mechanisms with which epilepsy in AED-treated adult patients still causes excess mortality have not been fully elucidated. 20 In our series, external causes of death (e.g., accident, intoxication, suicide) were more common in the 34 deceased epilepsy patients than in the 163 deceased nonepilepsy patients after SIA-SAH (table 2) . In a recent study from Sweden with population and unaffected sibling controls, 16% of deaths in epilepsy patients were from external causes, with high odds for nonvehicle accidents and suicide. Of those who died from external causes, 75% had comorbid psychiatric disorders, with strong associations with co-occurring depression and substance abuse. 21 In Finland, prescriptions are valid for 1 year, while pharmacies give out medications for 3 months at one purchase. In the present cohort, the compliance of the 121 epilepsy patients for AED use was good in general. However, 12 (35%) of the 34 deceased epilepsy patients had not purchased AEDs in the year prior to death. Poor compliance or sustainability of long-term AED treatment in epilepsy may be an avoidable risk factor for death in dedicated follow-up services for SIA-SAH survivors. Finland offers its residents publicly funded health care, which decreases socioeconomic differences in access to health care. Finland is divided into mutually exclusive catchment areas of tertiary care among the 5 university hospitals. [2] [3] [4] [5] 9, 10 The Finnish health care system allows the creation of disease cohorts that are unselected and minimally biased. [2] [3] [4] [5] 9, 10 Very accurate population statistics and a stable population allow long-term follow-up and ensure that few patients are lost to follow-up. [2] [3] [4] [5] 9, 10 Our study is retrospective, but we were able to confirm diagnoses of the patients with epilepsy by neurologists due to the national registry of fully reimbursed medicines and the causes of death produced by Statistics Finland. 3 We did not have valid information about epilepsy in the patients permanently institutionalized after SIA-SAH. Their AEDs are not reimbursed but are included in the institution fees, so the overall incidence may be slightly underestimated. The survivors of SIA-SAH-whether sporadic or members of SIA families-would benefit from dedicated e-health services designed to improve the Acute seizures within 1 week after admission 1.1 NS 0.7-1.7
Epilepsy after SIA-SAH 1.8 0.015 1.1-3.0
Abbreviations: CI 5 confidence interval; HR 5 hazard ratio; NS 5 not significant.
awareness of the disease and its risks and outcomes. Our present and previous data on epilepsy 3 in SIA-SAH survivors, as well as their long-term risks for depression, 4 shunt-dependent hydrocephalus, 22 and excess mortality, 2,5 would support the development of accurate medical risk and outcome calculators for clinicians, patients and their relatives, and the general public. Such calculators are already found on the Internet for many diseases, but at best they should be supported by data from population-based neurodisease cohorts, with clinical lifelines constructed from followup and national registry data. Comorbid epilepsy in the 12-month survivors of SIA-SAH is associated with increased risk of death in long-term follow-up. Our present and previous data 3 on epilepsy in SIA-SAH survivors, as well as the risk of depression, 4 suggests that dedicated evaluation and follow-up practices should be organized for SIA-SAH survivors. 7 
